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[57] ABSTRACT 
A drop/insert selecting system for an optical transmis 
sion system has a decreased circuit scale, by providing a 
switching unit (4,4') having a plurality of input termi 
nals for receiving a plurality of input channels and a 
plurality of output terminals, each of the input channels 
conveying a frame synchronization signal and a channel 
number. At at least one drop/insert unit (5l,52,51',52’) 
is provided for sequentially generating channel prese 
lection signals until a frame synchronization is estab 
lished and for dropping or inserting necessary signals 
from or into a corresponding one of the necessary chan~ 
nels incorporated into the drop/insert units when a 
frame synchronization is established. A channel select 
ing unit (6,6a,6b) is provided for generating a plurality 
of channel selecting signals in response to each of the 
channel preselection signals, each of the channel select 
ing signals functioning to connect each of the output 
terminals to one of the plurality of input terminals. The 
remaining output terminals of the switching unit are 
connected to through-channels to which no drop/ insert 
units are connected. 

27 Claims, 14 Drawing Sheets 
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1 

DROP/INSERT CHANNEL SELECTING SYSTEM 

TECHNICAL FIELD 

The present invention relates to a drop/ insert channel 
selecting system in an optical transmission system in 
which an orderwire signal or a supervisory and control 
signal is dropped or inserted. 

BACKGROUND ART 

In an optical transmission system, to transmit an or 
derwire signal or a supervisory and control signal, it is 
advantageous, in view of effective utilization of an opti 
cal ?ber, to superimpose these subsignals on a main 
signal passing through the optical ?ber. 
These subsignals are usually transmitted to or re 

ceived from a line terminating equipment. 
In recent years, however, accompanied by the devel 

opments in large capacity optical transmission systems, 
requirements have increased to drop or insert the sub 
signals at any desired repeater such as in a regenerator 
or, in other words, an intermediate repeater arranged 
between line terminal equipments. Such an intermediate 
repeater having a drop/insert function is referred to in 
this speci?cation as a D/I repeater. When a D/I re 
peater is provided, then, between these D/I repeaters, 
or between the line terminal equipment and the D/I 
repeater, subsignals such as the orderwire signal or the 
supervisory and control signal can be transmitted and 
received through two or more speci?ed channels. 

> These subsignals are required to be dropped or inserted 
at a desired D/I repeater. 

In the conventional intermediate repeaters, drop/in 
sert units for dropping or inserting necessary signals are 
provided for all channels regardless of whether or not 
the signals on the channels need not be dropped or 
inserted. In the intermediate repeaters, however, there 
are signals such as communication data which need not 
be dropped or inserted from or into channels. Hereinaf 
ter these signals which need not be dropped or inserted 
are referred to as through channel signals. Therefore, 
there is a problem in that the number of the drop/insert 
units (hereinafter also referred to as D/I units) in a 
conventional intermediate repeater is so large that the 
circuit scale of the conventional intermediate repeater is 
large. 

In particular, for high-speed data, since it is dif?cult 
to directly drop or insert subsignals from or into high 
speed data, the high-speed data is usually converted into 
a plurality of low-speed data channels of for example 
400 Mb/ s by a serial-parallel conversion, and the subsig 
nals are dropped or inserted from or into one of the 
parallel channels. In this case, a suitable channel select 
ing circuit has to be developed. 

If a limited number of drop/insert units are provided 
to correspond to only the necessary channels other than 
the through-channels, the circuit for selecting the 
through-channels must be as simple as possible. How 
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ever, conventional circuits for selecting these through- . 
channels are very complex. Namely, these circuits are 
formed by a random logic circuit constructed of 20 to 
30 integrated circuits (105) so that the circuit scale 
becomes large and is opposite to the requirement to 
construct a D/I repeater as simple as possible. 
From another point of view, if the intermediate re 

peater has the drop/insert function, the constitution 
thereof becomes similar to that of the line terminal 
equipment so that these repeaters can be manufactured 
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2 
with the same design. Conventionally, however, the 
line terminal equipment and the intermediate repeater 
are manufactured with different system designs. The 
different system designs cause disadvantages in high 
manufacturing cost, in complex control of the repeaters, 
and in preparing different kinds of spare repeaters for 
accidental faults. 

DISCLOSURE OF THE INVENTION 

The present invention is created in view of these 
circumstances and has an object to provide a D/I re 
peater in which the number of drop/insert units is re 
duced. 
Another object of the present invention is to provide 

a D/I repeater which has a very simple channel select 
ing circuit for selecting through-channel signals. 

Still another object of the present invention is to 
provide a D/I repeater which has a similar circuit con 
?guration to a line terminal equipment. 
To attain the above objects, there is provided, ac 

cording to the present invention, a drop/insert selecting 
system for dropping or inserting necessary signals from 
or into necessary channels. The system comprises a 
switching unit having a plurality of input terminals for 
receiving a plurality of input channels and a plurality of 
output terminals. Each of the input channels conveys a 
frame synchronization signal and a channel number. At 
least one drop/insert unit is provided, each operatively 
connected to one of the output terminals of the switch 
ing unit, for sequentially generating channel preselec 
tion signals until a frame synchronization is established, 
and for dropping or inserting necessary signals from or 
into a corresponding one of the necessary channels 
incorporated into the drop/insert unit when a frame 
synchronization is established. A channel selecting unit 
is further provided, operatively connected to the 
switching unit and to the at least one drop/insert unit, 
for generating a plurality of channel selecting signals in 
response to each of the channel preselection signals, 
each of the channel selecting signals functioning to 
connect each of the output terminals to one of the plu~ 
rality of input terminals. The remaining output termi 
nals of the switching unit are connected to through 
channels to which no drop/insert unit is connected. 
According to one aspect of the present invention, the 

plurality of input terminals comprise a ?rst, a second, a 
third and a fourth input terminals. The plurality of out 
put terminals comprise a ?rst, a second, a third and a 
fourth output terminals. The at least one drop/insert 
unit comprises a ?rst and a second drop/insert units, 
operatively connected to the ?rst and the second output 
terminals, respectively. The through-channels com 
prises a ?rst and a second through-channels, operatively 
connected to the third and the fourth output terminals, 
respectively. 
Each of the drop/insert units comprises a framesyn 

chronization detecting unit, operatively connected to a 
corresponding one of the output terminals, for detecting 
an out of frame synchronization state in the channel 
output from the corresponding output terminal; a com 

.paring unit, operatively connected to corresponding 
one of the output terminals, for detecting a non-coinci 
dence between the channel number in the channel out 
put from said corresponding output terminal and a pre 
viously stored channel number'indicating the channel 
from which or into which signals are to be dropped or 
to be inserted; and a preselecting signal generating unit, 
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operatively connected to the frame synchronization 
detecting unit and the comparing unit, for generating a 
two-bit preselecting signal for selecting one of the input 
terminals to be connected to the output terminal con 
nected to the drop/insert unit under consideration, the 
two-bit reselecting signal being changed with a prede 
termined period until both of the out of frame and the 
non-coincidence signals disappear. 
The system further comprises an out of frame protec 

tion circuit, operatively connected to the frame syn 
chronization detecting unit, for effecting a front and a 
rear protection on the out of frame signal from the 
frame synchronization detecting unit; a non-coinci 
dence signal protection circuit, operatively connected 
to the comparing unit, for effecting a front and a rear 
protection of the non-coincidence signal from the com 
paring unit; and a refrarne protection circuit, opera 
tively connected between the outputs of the out of 
frame protection circuit and the switching unit, and 
between the output of the non-coincidence signal pro 
tection circuit and the switching unit, for effecting a 
rear protection of the signal output from the out of 
frame protection circuit or the non-coincidence signal 
protection circuit. 
The preselecting signal generating unit comprises: a 

clock signal generating unit for generating a clock sig 
nal; and a frequency dividing unit, operatively con 
nected to the clock signal generating unit, to the frame 
synchronization detecting unit, and to the comparing 
unit, for generating the two-bit preselecting signal in 
response to the clock signal until both of the out of 
frame signal ad the non-coincidence signal disappear. 
The system further comprises: a counter unit, opera 

tively connected to the frequency dividing unit, for 
counting at least the maximum average reframing time 
from the detection of an out of frame synchronization 
state. 

According to still another aspect of the present inven 

20 

25 

35 

tion, the channel selecting unit comprises: two pair of ' 
lines, operatively connected to the ?rst and the second 
drop/insert units, for directly passing the two channel 
preselection signals output from the ?rst and the second 

40 

drop/insert units, to the switching unit, as a ?rst and a ' 
second channel selecting signals for selecting one of the 
input terminals to be connected to the ?rst output termi 
nal and another one of the input terminals to be con 
nected to the second output terminal, respectively; a 
?rst NOT gate for inverting the ?rst bit in the ?rst 
channel preselection signal to output a ?rst bit of a third 
channel selecting signal for selecting one of the input. 
terminals to be connected to the third output terminal; a 
second NOT gate for inverting the second bit in the ?rst 
channel preselection signal to output a second bit of a 
fourth channel selecting signal for selecting one of the 
input terminals to be connected to the fourth output 
terminal; a third NOT gate for inverting the ?rst bit in 
the second channel preselection signal to output a ?rst 
bit of the fourth channel selecting signal for selecting 
one of the input terminals to be connected to the fourth 
output terminal; and a fourth NOT gate for inverting 
the second bit in the second channel preselection signal 
to output a second bit of the third channel selecting 
signal for selecting one of the input terminals to be 
connected to the third output terminal. 
According to a further aspect of the present inven 

tion, the plurality of input terminals comprise a ?rst, a 
second, a third and a fourth input terminals; the plural 
ity of output terminals comprise a ?rst, a second, a third 

45 

60 

65 

4 
and a fourth output terminals; the at least one drop/in 
sert unit comprise a ?rst, a second, a third, and a fourth 
drop/insert units, operatively connected to the ?rst, the - 
second, the third, and the fourth output terminals, re 
spectively; the third and the fourth drop/insert units 
being optionally plugged in the drop/insert system; and 
the third and the fourth drop/insert units providing 
detecting signals (DT), indicating that the third and the 
fourth drop/insert units are plugged in, to the channel 
selecting unit when plugged into the drop/insert sys 
tem. 
According to still further aspect of the present inven 

tion, the plurality of input terminals comprise a ?rst, a 
second, a third and a fourth input terminals; the plural 
ity of output terminals comprise a ?rst, a second, a third 
and a fourth output terminals; the at least one drop/in 
sert unit comprise a ?rst, a second, a third, and a fourth 
drop/insert units, optionally plugged in the drop/insert 
system, and operatively connected to the ?rst, the sec 
ond, the third, and the fourth output terminals, respec 
tively when plugged into the drop/insert unit; the ?rst, 
the second, the third and the fourth drop/insert units 
providing detecting signals to the channel selecting unit 
when plugged into the drop/insert system. 
According to still further aspect of the present inven 

tion, the channel selecting unit comprises: a ?rst NOT 
gate for inverting the ?rst bit in the ?rst channel prese 
lection signal; a second NOT gate for inverting the 
second bit in the ?rst channel preselection signal; a third 
NOT gate for inverting the ?rst bit in the second chan 
nel preselection signal; a fourth NOT gate for inverting 
the second bit in the second channel preselection signal; 
a ?fth NOT gate for inverting the ?rst bit in the third 
channel preselection signal; a sixth NOT gate for invert 
ing the second bit in the third channel preselection 
signal; a seventh NOT gate for inverting the ?rst bit in 
the fourth channel preselection signal; an eighth NOT 
gate for inverting the second bit in the fourth channel 
preselection signal; a ?rst gate circuit having a ?rst 
input connected to the output of the ?rst NOT gate and 
a second input connected to a ?rst bit in the third chan 
nel preselection signal, for outputting, as a ?rst bit in the 
third channel selection signals, either the ?rst bit in the 
third channel preselection signal or the output of the 
?rst NOT gate, depending on whether the third drop 
/insert unit is plugged in or is not plugged in the drop 
/ insert system respectively; a second gate circuit having 
a ?rst input connected to the output of the fourth NOT 
gate and a second input connected to a second bit in the 
third channel preselection signal, for outputting, as a 
second bit in the third channel selection signal, either 
the second bit in the third channel preselection signal or 
the output of the fourth NOT gate, depending on 
whether the third drop/insert unit is plugged in or is not 
plugged in the ,drop/insert system respectively; a third 
gate circuit having a ?rst input connected to the output 
of the third NOT gate and a second input connected to 
a ?rst bit in the fourth channel preselection signal, for 
outputting, as a ?rst bit in the forty channel selection 
signal, either the ?rst bit in the fourth channel preselec 
tion signal or the output of the third NOT gate, depend 
ing on whether the fourth drop/insert unit is plugged in 
or is not plugged in the drop/insert system respectively; 
a fourth gate circuit having a ?rst input connected to 
the output of the second NOT gate and a second input 
connected to a second bit in the fourth channel prese 
lection signal, for outputting, as a second bit in the 
fourth channel selection signal, either the second bit in 
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the fourth channel preselection signal or the output of 
the second NOT gate, depending on whether the fourth 
drop/insert unit is plugged in or is not plugged in the 
drop/insert system respectively; a ?fth gate circuit hav 
ing a ?rst input connected to the output of the ?fth 
NOT gate and a second input connected to a ?rst bit in 
the ?rst channel preselection signal, for outputting, as a 
?rst bit in the ?rst channel selection signal, either the 
?rst bit in the ?rst channel preselection signal or the 
output of the ?fth NOT gate, depending on whether the 
?rst drop/insert unit is plugged in or is not plugged in 
the drop/insert system respectively; a sixth gate circuit 
having a ?rst input connected to the output of the sixth 
NOT gate and a second input connected to a second bit 
i the ?rst channel preselection signal, for outputting, as 
a second bit in the ?rst channel selection signal, either 
the second bit in the ?rst channel preselection signal or 
the output of the sixth NOT gate, depending on 
whether the second drop/insert unit is plugged in or is 
not plugged in the drop/insert system respectively; a 
seventh gate circuit having a ?rst input connected to the 
output of the seventh NOT gate and a second input 
connected to a ?rst bit in the second channel preselec‘ 
tion signal, for outputting, as a ?rst bit in the second 
channel selection signal, either the ?rst bit in the second 
channel preselection signal or the output of the seventh 
NOT gate, depending on whether the third drop/insert 
unit is plugged in or is not plugged in the drop/insert 
system respectively; an eighth gate circuit having a ?rst 
input connected to the output of the sixth NOT gate and 
a second input connected to a second bit in the second 
channel preselection signal, for outputting, as a second 
bit in the second channel selection signal, either the 
second bit in the second channel preselection signal or 
the output of the sixth NOT gate, depending on 
whether the fourth drop/insert unit is plugged in or is 
not plugged in the drop/insert system respectively; the 
outputs of the ?fth and the sixth gate circuits being the 
?rst channel selecting signal for selecting one of the 
input terminals of the switching unit to be connected to 
the ?rst output terminal of the switching unit; the out 
puts of the seventh and the eighth gate circuits being the 
second channel selecting signal for selecting one of the 
input terminals of the switching unit to be connected to 
the second output terminal of the switching unit; the 
outputs of the ?rst and the second gate circuits being 
the third channel selecting signal for selecting one of 
the input terminals of the switching unit to be con 
nected to’ the third output terminal of the switching 
unit; the butputs of the third and the fourth gate circuits 
being a fourth channel selecting signal for selecting one 
of the input terminals of the switching unit to be con 
nected to the fourth output terminal of the switching 
unit. 
According to still further aspect of the present inven 

tion, the switching unit comprises a ?rst, a second, a 
third, and a fourth switching parts arranged to corre 
spond to the ?rst drop/insert unit, the second drop/in 
sert unit, the ?rst through-channel, and the second 
through-channel, respectively; each of the switching 
parts having the plurality of input terminals and one of 
the output terminals connected to the corresponding 
one of the ?rst drop/insert unit, the second drop/insert 
unit, the‘ ?rst through-channel, and the second through 
channel‘; the third switching part and the fourth switch 
ing part having unit to ?x, when the ?rst or the second 
drop/insert unit is in an out of frame, their switching 
positions as the through channels. In this aspect, the 
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6 
third drop/insert unit and the fourth drop/insert unit 
are unplugged; the switching unit comprises a ?rst, a 
second, a third, and a fourth switching parts arranged to 
correspond to the ?rst drop/insert unit, the second 
drop/insert unit, the ?rst through-channel, and the sec 
ond through-channel, respectively; each of the switch 
ing parts having the plurality of input terminals and one 
of the output terminals connected to the corresponding 
one of the ?rst drop/insert unit, the second drop/ insert 
unit, the ?rst through-channel, and the second through 
channel; the third switching part and the fourth switch 
ing part having unit to ?x, when the ?rst or the second 
drop/insert unit is in an out of frame synchronization 
state, their switching positions as the through channels. 

BRIEF DESCRIPTION OF DRAWINGS 

The above objects and features of the present inven 
tion will be more apparent from the following descrip 
tion of the preferred embodiments with reference to the 
accompanying drawings, wherein: 
FIG. 1 is a block diagram showing an optical trans 

mission system for explaining the background of the 
present invention; 

FIG. 2 is a block diagram showing a conventional 
optical transmission system; 
FIG. 3 is a block diagram showing a general con 

struction of one of drop/insert circuits D/I shown in 
FIG. 2; 
FIG. 4 is a block diagram showing an intermediate 

repeater according to an embodiment of the present 
invention; 
FIG. 5 is a block diagram showing the optical trans 

mission system employing the intermediate repeater 
.»shown in FIG. 4 according to an embodiment of the 
present invention; 
FIG. 6 is a block diagram showing an example of the 

constitution of a channel selecting circuit in each of the 
D/I units shown in FIG. 5; _ 
FIG. 7 is a diagram for explaining the channel select 

ing operation in response to the channel selecting signal 
shown in FIG. 6; 
FIG. 8 is a diagram showing the combinations of the 

channel selecting signals output from the D/ I units 
shown in FIG. 6; 
FIG. 9 is a circuit diagram of an example of the chan 

nel selecting circuit shown in FIG. 6, according to an 
embodiment of the present invention; 
FIG. 10 is a circuit diagram of another example of the 

channel selecting circuit shown in FIG. 6, according to 
an embodiment of the present invention; 

‘ FIG. 11 is a diagram showing a still another example 
of the channel selecting circuit shown in FIG. 6, ac 
cording to an embodiment of the present invention; 
FIG. 12 is a block diagram showing another example 

of the constitution of a D/I unit shown in FIG. 6, ac 
cording to an embodiment of the present invention; 
FIG. 13 is a circuit diagram showing another example 

of the construction of the matrix switch and the channel 
selecting circuit shown in FIG. 6, according to another 
embodiment of the present invention; 
FIG. 14 is a timechart for explaining an operation 

from an out of frame synchronization state to a channel 
selection in the circuit shown in FIG. 12, according to 
an embodiment of the present invention; and 
FIG. 15 is a timechart for explaining a reframe opera 

tion in the circuit shown in FIG. 12, according to an 
embodiment of the present invention; 
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BEST MODE FOR CARRYING OUT THE 
INVENTION 

Throughout the speci?cation and the accompanying 
drawings, the same reference numerals or the same 
reference symbols represent the same or corresponding 
parts. 
FIG. 1 is a block diagram showing an optical trans 

mission system as a background of the present inven 
tion. In the optical transmission system shown in FIG. 
1, there are a plurality of regenerators (REG) R be 
tween line terminating equipments (LTE) T and T’. The 
regenerators are referred to in this speci?cation as inter 
mediate repeaters. Each of the intermediate repeaters 
also has a drop/insert function. Therefore, the interme 

' diate repeaters are also referred to as D/I repeaters. 
Between these D/I repeaters, or between the line termi 
nal equipment T or T’ and a D/I repeater, orderwire 
signals or supervisory and control signals are transmit 
ted and received. 
The general construction of the conventional line 

terminal equipments T and T’ and the conventional 
intermediate repeater R are shown in FIG. 2. In the 
?gure, the transmitting line terminal equipment T in 
cludes a plurality of multiplexers MUX each for multi 
plexing three 150 Mb/s signals into a 450 Mb/s signal, 
and a parallel-serial converter P/S for converting the 
four 450 Mb/s parallel signals into a 1.8 Gb/s serial 
signal. The intermediate repeater R includes a serial 
parallel converter 8/ P for converting the 1.8 Gb/s 
serial signal into four channels CH1 to CH4 of 450 Mb/s 
parallel signals, a plurality of D/I units for dropping or 
inserting necessary subsignals, and a parallel-serial con 
verter P/S for converting the four channels of 450 
Mb/s parallel signals into a 1.8 l Gb/s serial signal. The 
line terminal equipment T’ includes a serial-parallel 
converter S/PO for converting the 1.8 Gb/s serial sig 
nal into four channels CH1 to CH 4 of 450 Mb/s parallel 
signals and a plurality of demultiplexers DMUX for 
demultiplexing the 450 Mb/s signal into three 150 Mb/s 
signals. 

In the transmitting line terminal equipment T, subsig 
nals are also multiplexed with the 150 Mb/s main sig 
nals. In the receiving line terminal equipment T’, subsig 
nals are demultiplexed by the demultiplexers DMUX. 
The above-mentioned number of channels and the bit 

rates of the signals are of course only an example. 
The general construction of each D/I unit in the 

intermediate repeater R is shown in FIG. 3. In the fig 
ure, the D/I unit includes a demultiplexer (DMUX) 
300, a multiplexer (MUX) 301, and a control circuit 
(CC) 302. A part of the demultiplexed signals from the 
demultiplexer (DMUX) 300 are dropped into the con 
trol circuit (CC) 302, while the remaining signals from‘ 
the demultiplexer (DMUX) 300 are passed through and 
directly input to the multiplexer (MUX) 301. From the 
control circuit (CC) 302, inserting signals are input to 
the multiplexer 301. 
For example, the input signal input to the demulti 

plexer (DMUX) 300 is a 1.8 Gb/s signal in which four 
channels of signals of 450 Mb/s are multiplexed. In the 
1.8 Gb/s signal, subsignals are superimposed on the 
respective channels of 450 Mb/s signals. In such a sys 
tem, subsignals passing through two or more speci?ed 
channels are required to be dropped or inserted at the 
D/I units corresponding to the speci?ed channels. 
On the other hand, there are through-channel signals 

such as communication data which need not be dropped 
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8 
or inserted at any D/I unit. However, as shown in FIG. 
2, conventionally, the D/I units are provided on the 
respective channels regardless of whether or not the 
signals are'the through-channel signals. Therefore, for 
the through-channel signals, the D/I units connected to 
the channels are wasted. 

Further, the circuit for selecting the through-channel 
signals must be as simple as possible. However, conven 
tional circuits for selecting these through-channel sig» 
nals are formed by a random logic circuit constructed of 
20 to 30 integrated circuits (ICs) so that the circuit scale 
becomes large and is opposite to the requirement to 
construct by a simple D/I repeater. 
FIG. 4 is a block diagram showing an intermediate 

repeater for explaining the principle of the present in 
vention. In the ?gure, the intermediate repeater in 
cludes an input unit 1, i.e., an optical receiving unit, two 
drop/insert units (D/I) 51 and 52, and an output unit 7. 
The input unit 1 includes an opto-electric converter 

(O/E) 2, a serial-parallel converter (8/?) 3 for convert 
ing a al.8 Gb/s serial signal into four 450 Mb/s parallel 
signals, a matrix switch 4 for switching the input chan 
nels in response to channel selecting signals SELI to 
SEL4, and a channel selecting circuit 6, and a channel 
selecting circuit 6. 
The drop/insert units (D/I) 51 and 52 have demulti 

plexer and a multiplexer arranged back to back as 
shown in FIG. 3. 
The channel selecting circuit 6 receives channel pre 

selecting signals (a1, b1) and (a2, b2) for preselecting 
channels to be dropped or inserted from or into the 
drop/insert units (D/I) 51 and 52. Each of the channel 
preselecting signals is formed by a combination of two 
bits, i.e., a1 and b1 or a2 and b2. In response to the 
channel preselecting signals, the channel selecting cir 
cuit 6 outputs, to the matrix switch 4, the channel select 
ing signals SEL1=(a1,b1) and SEL2=(a2,b2) for se 
lecting the channels through which signals to be 
dropped or inserted are transmitted and, in addition, 
channel selecting signals SEL3=(a1,b2) and SEL4 
=(a2,b1) for selecting the channels through which no 
signal is to be dropped or inserted. Hereinafter, the 
channels through which signals to be dropped or in 
serted are transmitted are referred to as drop/insert 
channels, and the channels through which no signal is to 
be dropped or inserted are referred to as through-chan 
nels. It should be noted that each of the through-chan 
nel selecting signal SEL3 or SEL4 is formed by an 
inverted bit of the ?rst bit of one of the preselecting 
signals and an inverted bit of the second bit of another 
one of the preselecting signals. This is important for 
‘selecting the through-channels by means of a simple 
circuit. 
The output unit 7 includes a parallel-serial converter 

(P/X) 8 for converting the four 450 Mb/s parallel sig 
nals into a 1.8 Gb/s serial signal, and an electro-optic 
converter (E/O) 9. 

In operation, the signals through the drop/insert 
channels CH1 and CH2 are input from the input unit 1 
to the drop/insert units 51 and 52 and are dropped 
therefrom. The signals to be inserted are input from a 
control circuit (not shown in FIG. 4) into the drop/in 
sert units 51 and 52 and inserted into the channels CH1 
and CH2. 
On the other hand, the signals passing through the 

through-channels CH3 and CH4 are transmitted di 
rectly to the output unit 7 without passing through the 
drop/insert unit 51 or 52. 
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The selection of the drop/insert channels CH1 and 
CH2 or the through-channels CH3 and CH4 is carried 
out by the channel selection circuit 6. Namely, in re 
sponse to the channel preselecting signals (a1,b1) and 
(a2,b2) for preselecting the drop/insert channels, the 
channel selecting signals SELl to SEL4 are output 
from the channel selecting circuit 6 to the matrix switch 
4 so as to control the through-channels CH3 and CH4. 
In other words, when the channel preselecting signals 
from the drop/insert units 51 and 52 are (a1,b1) and 
(a2,b2), the channel selecting circuit 6 generates the 
channel selecting signals SEL3(a3’,b3')=a1,b2) and 
SEL4(a4',b4')=(a2,b1) for selecting the through-chan 
nels. 
FIG. 5 is a block diagram showing an optical trans 

mission system including the D/I repeater according to 
an embodiment of the present invention. In the ?gure, a 
transmitting line terminal equipment T and a D/I re 
peater R are connected through an optical ?ber F. Also, 
the D/I repeater R and a receiving side line terminal 
equipment T’ are connected through another optical 
?ber F. 
The transmitting line terminal equipment T includes a 

plurality of multiplexers 10 each for multiplexing three 
lines of 45 Mb/s to a 150 Mb/s, four multiplexers 11 
each for multiplexing three lines of 150 1 Mb/s to a 450' 
Mb/s, a parallel to serial converter (P/S) 12 for con 
verting the four parallel 450 Mb/s signals into a 1.8 
Gb/s signal, and an electro~optic converter (O/E) 13 
for converting the 1.8 Gb/s signal into an optical signal. 
The construction of the D/I repeater R is substan 

tially the same as that shown in FIG. 4. In FIG. 5, the 
D/I repeater R includes a central control unit (CC) 53 
which is connected to a personal computer IPC) 54 to 
which a data terminal 55, a telephone terminal 56, a 
printer 57 and the like are connected. The drop/insert 
units 51 and 52 each has a multiplexer and a demulti 
plexer arranged back to back as shown in FIG. 3. From 
the D/I units 51 and 52, channel preselecting signals 
(a1,b1) and (a2,b2) for preselecting the drop/insert 
channels are output to the channel selecting circuit 6. 
The receiving line terminal equipment T’ includes an 

opto-electric converter (O/E) 14 for converting the 1.8 
Gb/s optical signal from the intermediate repeater R 
into a 1.8 Gb/s electric signal, a serial to parallel con 
verter, a matrix switch 16, demultiplexers 171 and 172 
including four demultiplexers 1711, 1712, 1721, and 
1722 each for demultiplexing a 450 Mb/s signal into 
three 150 Mb/s, a channel selecting circuit 18, and a 
plurality of demultiplexers 19 each for demultiplexing 
the 150 Mb/s signal into 45 Mb/s signals. 
FIG. 6 is a block diagram showing the construction 

of the D/I units 51 and 52 in the intermediate repeater 
R shown in FIG. 5. In the ?gure, the D/I units 51 and 
52 respectively include frame synchronization detecting 
parts 510 and 52a, channel number comparing parts 51b 
and 52b for comparing channel numbers previously set 
from setting terminals 51c and 520 with channel num 
bers in the received channels from the matrix switch 4, 
OR gates 51a and 52d for gating the outputs of the 
frame synchronization detecting parts 510 and 52a and 
the comparing parts 510 and 52b, oscillators Sle and 
52e, NAND gates 51f and 52f, and one-fourth frequency 
dividing circuits 51g and 52g. 
The frame synchronization detecting part 510 previ 

ously outputs an Out Of Frame signal OOF when it can 
not ?nd a frame synchronizing signal FR in the channel 
received from the matrix switch 4. The channel number 
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comparing part 51b outputs a discord signal NC when 
the channel number in the received channel does not 
coincide with the previously stored channel number. 
When at least one of the Out Of Frame signal 00F and 
the non-coincide signal NC is output, it si gated through 
the OR gate 51d to be output as an alarm signal ALM. 
While the alarm signal ALM is being generated, the 
output of the oscillator 51e is gated through the NAND 
gate 51)‘. The clock-signal clock oscillator 51c outputs a 
clock signal of about several KHz to the NAND gate 
51f the frequency of the oscillator 51e is determined by 
the maximum time required to detect a frame. The max 
imum time for detecting the frame is referred to as a 
Maximum Average Reframing Time MART, and in this 
example, it is about 70 p. seconds. . 
The output of the NAND gate 51f is input to the 

one-fourth frequency dividing circuit 51g. The fre 
quency dividing circuit 513 includes two dividing 
stages. From the two dividing stages, a 2-bit channel 
preselecting signal (a1,b1) is output for selecting a chan 
nel to be dropped or to be inserted. 
The circuit construction of the D/I unit 52 is the 

same as the D/I unit 51 described above. The parts 
corresponding to the parts 51a to 51g are denoted by 
52a to 52g. From the two stages in the frequency di 
vider 52g, a 2-bit channel preselecting signal (a2,b2) is 
output for selecting a channel to be dropped or to be 
inserted. 
The channel selecting circuit 6 receives, from the D/I 

units 51 and 52, the channel preselecting signals (a1,b1) 
and (a2,b2) for preselecting the channels to be dropped 
and to be inserted, and generates the same channel se 
lecting signals SEL1(a1’,b1’)=(a1,bl) and SEL2 
(a2',b2')=(a2,b2) for selecting the input channels to be 
dropped and to be inserted, and also generates the other 
channel selecting signals SEL3(a3',b3')=(a1,b2) and 
SEL4(a4’,b4’)=(a2,b1) for selecting the channels not to 
be dropped and to be inserted. These selecting signals 
SELl to SELA are applied to the matrix switch 4. 
FIG. 7 is a diagram showing an example of an opera 

tion of the D/I unit 51 shown in FIG. 6. In FIG. 7, the 
matrix switch 4 has four input terminals #1 to #4 and 
four output terminals #1’ to #4’. It is assumed that the 
?rst output terminal #1’ is at ?rst connected to the ?rst 
input terminal #1 to which the input channel of the 
channel number #1 is connected in response to the 
channel selecting signal (a1',b1')=)0,0). It is also as 
sumed that the channel number #2 is previously stored 
in the channel number comparing part 51b. Then, when 
the power of the D/I repeater R is turned ON, since the 
channel number #1 does not coincide with the previ 
ously stored channel number #2, an alarm signal ALM 
indicating an out of frame synchronization state is out 
put from the NAND-gate 51f In response to the alarm 
signal ALM, the one-fourth frequency divider 51a gen 
erates a channel preselecting signal (a1,b1). The signal 
b1 has one-half the frequency of the clock signal CL. 
The signal a1 has one-fourth the frequency of the clock 
signal CL. The channel selecting signal is at ?rst turned 
from (0,0) to (1,1). In response to this channel selecting 
signal (1,1), the output of the matrix switch 4 is con 
nected to the input channel number #2. Therefore, the 
alarm signal ALM does not disappear. The channel 
selecting signal is then turned from (1,1) to (1,0) so that 
the output of the matrix switch 4 is connected to the 
input channel of the channel number #3. The channel 
number #3 also does not coincide with the previously 
stored channel number #2. Therefore, the alarm signal 
























